telephones are also evolving towards digital technology (02-CAI, DECT) while converging with other private and public personal short distance radiocommunication needs. Public point to point systems (Pointel, BiBop in France), are addressing the market of pedestrian communications in the centre of cities.
The study of a future system that will cover all the aspects of mobile and personal communications at the beginning of the next century was initiated by the European Community four years ago. This system named Universal Mobile Telecommunication System (UTMS), will include nearly all the services designed in the previous systems, plus a variety of new ones including broadband services. On figure 1 is given a representation of the coverage of the UMTS due to A.Charbonnier et al. [I] . Coverage of the Universal Mobile Telecommunication System [I] .
The personal terminals for this system will have to be extremely miniaturized (pocket size) and low cost. The existence of a wide range of types of terminals is expected. A large number of "stations" (interfaces between the "air" and the fixed networks), will also have to meet similar requirements for the size and the cost (particularly for pico or nano cells etc ...). The studies made in the RACE projects have identified two possible implementations of the radio-interface differing principally by the access technique (TDMA or CDMA) that are being evaluated. In both cases, hypothesis concerning the design parameters of the radio-interface (baud rates, type of modulation, voice coding etc) were made.
The consequences of the probable choices on the requirements for the filters and the frequency generation devices will be discussed in the next paragraphs. The Word Administrative Radio Conference has in 1992 allocated frequency bands to the Future Public Land Mobile Telecommunication System; the UMTS is presently to be considered as the European project of implementation of the FPLMTS. In table 1 and figure 2, the main characteristics and the frequency allocations of the recent and future systems are indicated, more details can be found in references [11& [21. 2 J Filtering and frequency generation in the Radio sub-system of radiocommunication equipments.
The typical architecture of the radio sub-system of present mobiles or base stations is represented on figure  3 . We have chosen to represent the most usual options encountered in recent equipments (direct modulation and two intermediate frequencies in the receiver), other options are possible principally on these two later points. The antenna is connected to filters constituting most often a diplexer (otherwise the filters must be switched alternatively). These UHF filters select the two sub-bands corresponding to the base to mobile and to the mobile to base traffic. The receiver section includes then a low noise amplifier making a first amplification of the signal while minimizing the noise figure of the reception chain. Generally a post amplification filter is used after the LNA to complement the UHF selectivity and to remove the maximum of out-of band intermodulation products before the frequency transposition. After this one, an intermediate frequency filter selects the useful frequency "channel" which is shared by several mobiles (TDMA or CDMA). Eventually a second intermediate frequency with filtering is used to further complement the selectivity of the first one, and to limit the spectrum of the signal before the analog to digital conversion. In the figure, the case of a direct 2nd IF to digital conversion is considered. The reference frequency for the synthesizer is generated by a crystal oscillator which is usually of the VCXO type in the mobiles and a high stability OCXO in the base stations. The transmitter section includes a post modulation UHF filter and generally a second filter after the amplification preceding the power amplifier. In many instances, the UHF voltage controlled oscillators included in the synthesizer make use of resonators of the same type as those existing in the filters, their high Q factors allows to obtain interesting phase noise characteristics.
No fundamental modifications of the basic principles of the UHF and IF architecture of the equipments are very likely to occur for the next generations. But, the use of techniques, such as space diversity or variable baud rate transmissions, that may increase notably the complexity of the radio sub-system by duplicating several functions, is very probable. Most probably, the radio sub-assembly will have to display a high flexibility (several configurations digitally chosen). For the filters, this can mean variable centre frequency or variable bandwidth numerically allocated.
As far as the market will grow, it will become more and more important to obtain enhanced performances (noise factor, intermodulation, phase noise etc..) of both the receiver and transmitter, since the possible number of subscribers within the frequency bands available is also dependant on several of these performances. The need to offer very small (pocket size) terminals having a much increased complexity will lead to research a important reduction of the volume of the different functions. This, in turn, will require important evolutions of the characteristics and technologies of the components.
All the active components of the radio sub-system will, most probably, be integrated in a very reduced number of integrated circuits (I.Cs). The characteristics of the filters and of the frequency generation devices are important factors in the overall performances; their number will most probably increase greatly in UMTS equipments. As a consequence of the integration of the electronics, they will become a major factor of the dimension of the radio sub-assembly. So that the challenge will be to improve their performances (insertion losses, selectivity, phase noise, ...) while decreasing drastically their dimensions. Moreover, due to the use of higher ultra high frequencies and to the increase of the baud rates, the characteristics required for the filters and the frequency sources, will often be, quite different of those of existing devices, so that new solutions are to be found.
One can expect that the evolutions of the components required for the next generation of systems will also have noticeable impacts on those required for the future generations of equipments of the existing systems. In the next paragraph, we will review the most probable solutions and evolutions for the filters and the frequency generation devices.
UHF FILTERS:
The main functions of the UHF filters is to select the frequency bands in which the equipment can transmit or receive while attenuating the unwanted signals situated out of these bands.
3.1 Antenna filters, diplexers for the UMTS.
When transmission and reception occur on separate frequency bands the two UHF antenna filters are most often connected as a diplexer, even if there is no simultaneous 2 ways transmission. This result of the fact that fast T/R switching is either difficult, costly or degrade somehow the performances, whereas using a diplexer does not add practically any additional complexity and cost. To constitute a diplexer, the filters must meet several requirements concerning essentially the input impedance, and the attenuation in the pass band of the other filter. For the UMTS, the T-R frequency separation could be of the order of 200MHz (or lower), while the bandwidth required could be of the order of 100MHz, so that a T/R rejection of above 80dB will be achieved using two 4 or 5 pole filters, this imply that the ultimate out of band rejection has to be maintained below this quantity, which is a quite demanding performance at 2GHz. Reduced insertion losses in the pass-band will be searched for, since this quantity directly impacts the noise factor of the receiver and energy saving in the transmitter. A value near one dB seems to be a realistic objective. As mentioned previously, the size of the filters has to be very reduced from the present State of the art (#0.4cm3/pole). These filters have to transmit or, to be submitted, to a noticeable power (depending of the type of equipment).
Other UHF filters.
The specifications for the other filters will most probably be quite similar, with probably somehow less stringent ultimate out-of-band rejections (60dB?), and insertion losses (2dB?). Again, very small dimensions will be required, but due the functions of this filters (see diagram of figure 3), the best solution can be to find a mean to co-integrate them with the corresponding electronics on silicon and gallium arsenide I.Cs.
UHF Filters Technologies.
Several types of filters exist for applications near two GHz, few can present simultaneously reduced insertion losses and small dimensions. Many works were, in the recent years, devoted to improve the performances of the 800-900 MHz UHF filters for the first generation of digital radiotelephones (GSM in Europe). The development of filters, presenting, at 2 GHz, better characteristics than the preceding ones, will require, at least, the same efforts.
A tentative comparison of the different technologies is made on figure 4 , in the case of filters centered at 2 GHz, having a bandwidth equal to 100 MHz, and a res-10 ponse equivalent to that of a 4 poles resonator filter. Four technologies allows reduced dimensions and insertion losses: the piem-electric thin film resonators (TFR) filters, the surface acoustic waves (SAW) filters, the magnetostatic waves (MSW) filters and the coaxial dielectric resonator (DR) filters using quarter (or half wave) resonators. In figure 4 , we have indicated thc present state of the an for these filters and our assumptions about what could be their characteristics at the service opening of the UMTS. Due to the very reduced insertion losses provided, thc technology, using "full size" dielectric resonators enclosed in metal cavities, can Area (mm2) also be of interest for some applications in base station Figure 4 : UHF filters at 2GHz equipments.
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An important remark to be made about figure 4, is the fact that, except for the latter one, no type of filters approa-1500 ches now, even from far, the desirable insertion losses.
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Now, the most common UHF filters, for mobile applications (800-900MHz), are the coaxial dielectric 3.4 Thin film resonator filters.
As indicated in figure 4 , this promising technique permits to obtain extremely reduced dimensions for the filters. The filter are constituted of half wave resonators made with a piezo-electric thin film electroded with two metal films, and of coupling elements (inductance and/or capacitance). The piezo-electric thin films can be either mono-crystalline ones or constituted of textured highly oriented films. Interesting insertion losses (1.ldB at lGHz and 3.5 at 1.8 GHz [3] were already demonstrated together with important out of band rejections.
The resonators are obtained using various thin film deposition methods, on different substrates; the feasibility of their integration with silicon or gallium arsenide circuit has already been demonstrated [4] [5] . It was also demonstrated that they can withstands power levels in excess to 0.4 Watt. This value can be increased either by the choice of the material or by using different filter architectures. dimensions given in figure 7. The filter was synthetized to have a lOOMHz bandwidth with a Jaumann structure, . 20 it was considered that the resonators could be adjusted to 
The resonators have extremely reduced lateral

50
On the whole, this filter technology appears to be extremely promising for the applications to UHF filtering in the mobile communication systems, particularly with the use of high coupling, thermally stable materials. -too Further research work is required concerning the mate- system.
Important progress of the performances of low losses UHF surface acoustic waves filters were recently observed for 800-900MHz applications (A#2dB). They have mostly resulted of important research efforts made in Europe, USA and Japan, in the last five years. This effort has led to the adoption of new filter architectures (group type filters, new resonator filters, etc ...) and to important progress in the conception methods [8] [9]. At 900MHz, the use of SAW filters for post-modulation and pre-mixing filtering is becoming the usual solution. At UHF, the SAW filters are naturally small (a very few mm2 at 900MHz). they can present interesting out of band rejections (40-50dB) that can probably be further improved. It was demonstrated that they can withstand an appreciable level of power (1 Watt) [9] . These filters are obtained using simple (1 mask level), batch processing techniques on large wafers of piezo-electric materials and hence are low cost devices. Lithium tantalate is the most commonly used material, it presents very low acoustic losses but presents anon negligible temperature coefficient.
Here again, there is presently no two GHz filters with sufficiently low losses, the best results being of the order of 3.5dB near 1.8GHz and of 6 dB at 2.5 GHz. Several points will be more critical at 2 GHz than at 900MHz in the development of low loss SAW filters; among them are the acoustic dissipation in the piezo-electric material and the ohmic losses in the electrodes. They will probably induce the choice of new solutions. For the materials, beside lithium tantalate, two recent ones, possessing zero temperature coefficient orientations, may be very interesting due either to a large acoustic velocity (lithium tetraborate (LB0))[10] and/or to very reduced acoustic losses Oanthanum silico-gallate (LGS))[l I] [see table 3 1. However, in this very important field, the advent of a low loss, very highly piezo-electric material, like lithium niobate, but being thermally compensated, remains very desirable. There is a reasonable hope that such a material can be found among the analogs of LGS. Here also, the advent of room temperature superconductors, may be very helpful for the electrodes.
A half micron technology will be required for the elaboration of the 2 GHz filters. Since the relative bandwidth will be much larger than those presently considered at 900 MHz, new studies concerning the filter architecture and design are also required to obtain filter with the appropriate width and losses. Due to the frequency distance between the two sub-bands, the first inteknediale frequency of the equip-* rnents will probably be situatcd in thc range 190 to 350 MHz. These values arc quite high for the smallest bandwidths (BW) cited. The existence of such very small value of the relative BW (of the order of 1 thou-* sandth), will constrain to the use of materials having very low temperature coefficients. This results of the fact that the frequency shift of the response curve , , admitted under the effect of temperature have most often *,p-uro~lorSAWdBAw to be specified as a very small fraction of the corresponding bandwidth (to minimize the losses of the spectral Figure 8 : IF filters for GSM and DCS 1800. resource). Equally, this small relative bandwidth imply the use of a low loss material to obtain a good amplitude response (insersion losses and shape at the comer of the pass-band).
To optimize the size and cost of the equipment, a very desirable feature, in the TDMA hypothesis, will be to obtain two commutable bandwidths from the same circuit in re-utilizing most of the components. In the case of the CDMA hypothesis, the same question appears to be more difficult since the same filter technology may not be optimal for so different relative bandwidths; in this case, still more innovative solutions are to be found.
For the amplitude response of the filters, low insertion losses are desirable (typically 4 to 8dB) to permit to have a gain in preceding stages (LNA and mixer) giving the best compromize between the noise factor and the level of interferences generated by intermodulation distorsion when high level unwanted signals are present. It is also very interesting to place nearly all the selectivity required for the channel filtering in the first LF. filter since this situation is the most favourable to minimize the interferences produced by intermodulation in the I.F. amplifier by signals situated near the channel. So that, to increase the receiver performances in a system that is planed to have a much greater "density" of mobiles, it may be desirable to research filters more selective than those presently used in most of the first generation of digital systems. The possibility to increase largely the selectivity exists and is already employed in the stations and also in the mobiles of some systems. The phase response has to be kept very nearly linear (constant group delay) on the parts of the bandwidth containing most of the energy of the useful signal.
Two main technologies of filters can be used in this frequency range: the SAW filter and the Bulk Acoustic Wave (BAW) filters. Traditionally, the first one are considered as more convenient when large bandwidths and linear phase responses are required while the second are viewed as being most adapted for the cases of small relative bandwidth and when reduced insertion losses are searched for. These views are now to be largely reconsidered, since the evolutions of both techniques and the advent of new materials have largely extend their domains of applications (towards higher frequencies and larger bandwidth for BAW filters and towards the small relative bandwidth and the low insertion losses for the SAW filters). Moreover, for low losses I.F. filters, a convergence of the type of response obtained from both type of filter is presently observed. So that, for applications at the horizon of 2002, it will probably be wise to consider in depth all the constrains of the application and all the possibilities and potentialities of the two technologies. The mixing of both technologies in the same equipment is even of a probable occurrence in some hypothesis.
SAW filters.
The most usual solution for the mobiles and portables of the GSM is to use SAW devices for I.F. filtering. For this application many works were, in the five last years, devoted to enhance their characteristics (Shape factors, insertions losses, out of band rejections, dimensions), and several satisfactory compromises (with respects to the present specifications) were found. The researches are still going on and new devices will appear in the next generations of GSM equipments. As an example of this fact, figure 9a and 9b indicate the principle and the frequency response of a filter using the new principle, recently found, of partial internal reflexions which constitute one of the most advanced solution found for the GSM SAW filters [12] . On the same figure 9b, the response of an already very good but more conventional and larger low loss filter using single phase unidirectional transducers is represented (dashed line). Recently the trend to use filters of the resonator type or intermediate between conventional transversal filters and resonator filters has appeared which may lead to very interesting solutions at the highest intermediate frequencies. Nearly all SAW IF filters for the GSM are made using ST cut quartz. For the UTMS, the different values of the relative BW, of the centre frequencies and mostly, the requirement of reducing greatly the dimensions of the filters while finding multi-bandwidth filters, will conduct to research further evolutions. The use of new materials may offer important new possibilities for the obtainment of better solutions. Particularly, for the larger bandwidth, it will be very advantageous to use a material presenting simultaneously a larger coupling coefficient than ST quartz and a good thermal behaviour. Moreover, to obtain smaller devices, it can be extremely useful to consider the material giving low acoustic velocity. In all cases, the high value of the centre frequency will favour the most thermally stable materials. On table 3, we have indicated the properties of the materials that can be interesting to obtain the different types of filters.
In this table, their is several new and much probably extremely interesting materials for which all the SAW propagation properties are presently not accurately determined. Although, it is possible to notice that the quattz like materials (quartz, AlPO,, GaPO,) have from far the best thermal behaviour. Among them, berlinite (AIPO,) appears to be extremely interesting for VHF SAW filters having relative bandwidth up to about 5% due to the large value of its coupling coefficient [13] and to a smaller value of the acoustic velocity. The existence of crystalline orientations leading to better temperature coefficients than for quartz seems possible. The SAW properties of La3GasSiOl, (LGS), which is also a material belonging to the crystal class of quartz, are not presently available but the bulk acoustic wave properties 1141 indicate the high probability of large coupling coefficients, reduced velocities and a good thermal behaviour. Several analogs of LGS are presently being studied, it is already known that they will present much larger coupling coefficients [ l l ] and similar velocities than LGS. These materials may be very interesting for the larger bandwidth.
On the whole it appears that, in any hypothesis, further works are required either on filter architecture, filter design methods and on new materials. These latter are probably the key points to find much better solutions and, it seems important to determine accurately their constants and temperature coefficients, to compute also accurately their SAW properties and to further develop those presenting the most interesting properties for the applications. Researches about still more advanced solutions, for example, those permitting a w-integration with semiconductors by the obtainment of low losses films of high coupling, thermally stable piezoelectric materials on Si, GaAs, etc ..., have probably to be started now. MHz having typically a 8 to 10 poles polynomial response giving very high shape factors and ultimate out of band rejection under 100dB). Technological progress (ion beam etching, direct to frequency plating, etc..) have, in the ten past years, extended the domain of applications of bulk wave filters to the very high frequencies and then to the ultra high frequencies [15] . More recently progress in synthesis have allowed to obtain phase responses compatible with digital transmission, very similar to what is presently obtained with low losses SAW filters. In the same time, the advent of several new materials have greatly increased the possibilities to obtain much larger bandwidth while keeping the advantage of a high thermal stability [14] [16] [17] . The new possibilities bring by the high coupling analogs of quartz are illustrated in figure 10 which represents the electrical response of a AT AIPO, resonator (please note the much larger resonance anti-resonance distance than in quartz at the same frequency). Another illustration is given in figure 11 where the responses achievable under certain hypothesis [18 ] for 4 pole filters using quartz, AIPO, and GaPO, are compared. The thermal stability of two of the recent materials is illustrated on figure 13 (AT cut of berlinite (AIPOJ) and on figure 12 (Y rotated compensated cut of LGS). Several types of high performances BAW filters are presently used in the GSM base stations. Bulk wave filters are also used in the mobiles of several non European digital systems. The high performances possible with bulk wave filters are illustrated on figure 14 and 15 which represent the responses of industrial filters for GSM and DCS 1800 applications (Courtesy of Thomson-CEPE). We can notice the reduced insertion losses (4,6dB for the 71MHz filter of figure 14 and 3.55dB for the 21 1MHz filter of figure 15 ), the excellent shape factors, and the very large out of band rejections. A recent, and important progress in the field of VHF bulk wave devices, is the discovery of very efficient chemical methods permitting the obtainment at low cost of large quantities of VHF plates [19] . Such processes exist -1W. 
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presently for quartz and berlinite, they may be extended to gallium phosphate and to LGS without many difficulties.
The interest of bulk wave filters for the next generations of radiocommunication equipments and particularly for the UTMS rely principally on the following facts:
- filter [20] . The largest relative bandwidth achievable with bulk wave filters using the temperature compensated material (lithium tantalate) having the highest coupling coefficient is of about 7.5%, but the same material cannot, nowa-day give very satisfactory filters for relative BW below about .5%. The most important properties of the presently known materials that can be of interest for the UMTS I.F. filters are listed in table 4. On table 4 we can notice again that the analogs of quartz present the most favourable temperature stability with a third order behaviour for quartz and berlinite, and most probably for gallium phosphate [21] . Again, the importance of the thermal behaviour that will play a very important role in the choice of material, is to be emphasized. This results, of the fact that there is a case where a small bandwidth will be used. This, in turn, will imply that the admissible frequency shift of the response of filters due to thermal effects has to be very small (see the begining of 9 4).
Most of the materials listed in table 4 can be used to obtain filters with a bandwidth near 200kHz. but if the fundamental mode is to be used, the natural choice is quartz. If, as possible, economic reasons render the choice of the third overtone more interesting, then GaPO, and LGS are a good choice. Three materials appear to be very interesting for the case of a near lOOOkHz BW (AIPO,, GaPO,, and LGS). In the case of commutable bandwidth (200/1000kHz), extra stray capacitances are to be taken into account so that the two materials with the largest wupling coefficients seem the best adapted (GaPO, et LGS). For bandwidth situated between 2 and 15 MHz the high coupling analogs of LGS and lithium tantalate seem to be the most interesting (CDMA hypothesis).
Several new developments are required to obtain BAW IF filters with optimized design, a part of them must concern the design of the filters (geometry, sensitivity to dispersion, commutable bandwidth etc..) an other important part must be devoted to the development of materials (GaP04, LGS and analogs). Other developments must also be made on the technological aspects.
4.21
New technologies for bulk wave filters. Except for some rare cases concerning essentially miniaturized low frequency resonators, the bulk wave devices are presently elaborated individually on small plates. The very small size of VHF devices, the new possibilities offered by the recent polishing equipments that allow to obtain thin large wafer with a high degree of parallelism and the recent advances in chemical etching permit now to consider the obtainment of VHF BAW filters using batch processing techniques. This will constitute a very important new advance in the bulk wave technology and will lead to a large reduction of the cost of such devices. New developments will be required to set up such a technology concerning several process aspects, the design of the devices and the materials (large crystals are necessary to obtain wafers, a good crystalline quality is also required for chemical etching [22] ). On figure 16 , an example of a half of a filter made using the present advanced technology is represented. It concerns a small plate obtained by chemical etching containing 2 integrated resonators at 70MHz (half of a filter) [23] . At higher frequencies or with larger plates, the whole filter can be integrated on the same plate. Figure 16 is a sketch of what could be the tomorrow VHF filter technology. It may be observed that this technology remains quite simple and that wafers of 4" diameter already exist for several materials. Recently, an other advance was proposed that consists in bonding quartz chips upon silicon chips surface, this method can very probably be extended to other piezo-electric materials and to other semiconductors and may have an interest for UHF or IF filters.
FREOUENCY SOURCES.
The frequency control in the present mobiles for GSM (local synthesized oscillators and timing for the digital section) is presently made from a reference oscillator having a stability of the order of some lo4. This crystal oscillator is most often a TCXO using an analog compensation of the temperature variations.
The increase of the frequencies and almost of the bauds rates will much probably require the use of a much higher stability (particularly in the case of CDMA with large chips rates). Two choices can be made: the first is to obtain this stability in the mobile using a more stable frequency source. The other choice is to synchronise the mobile on the stations by some method. In this case however, due to the multipath propagation and to the Doppler effect, a non negligible time of observation and a lot of computations will be required (depending of the needed stability) to achieve the frequency stability. Moreover in this case, the mobile oscillator has still to have an excellent short (or medium) term stability to interpolate between two observations. This frequency comparison can be made either in the mobiles or in the stations but requires always an exchange of data. In any cases, the phase noise of the reference oscillator of the mobiles has to be as reduced as possible.
The probable advent of low cost digital TCXO or of some other low cost method to increase greatly the frequency (and timing) stability in the mobiles may change in an important manner the conditions of this choice.
However, in any cases there is a large interest to reduce the frequency aging of the resonators and to increase their Q factors (phase noise) by using an improved material (quartz).
The oscillators used in base stations are very high performances OCXO whose characteristics are mainly determined by the needs of the interface with the fixed network. They use quartz resonators with state of the art performances ( aging, Q factors etc..), for which the quality of the material is determinant. New progress in the crystalline quality and purity of the material will be very interesting.
In nearly all cases the VCO of the frequency synthesizers use resonators (LC, DR, ...). It will be very interesting to use high Q factor miniature resonators similar to that discussed previously (TFR, SAW) for the filters and, if possible, to integrate them to obtain very small circuits for this function while obtaining better phase noise characteristics (resulting of the better Q factor).
SUMMARY.
The performances of the radio interface of mobile systems equipments are very dependant on those of the filters and frequency sources. New characteristics and an important advance in the performances of the filters and oscillators will be required for the next generation of systems particularly for the UMTS. Due to the small volume required for the terminals, to a most probable large increase of their complexity, a reduction of the volume of the different functions of the radio-sub system is mandatory. For the electronics this will be achieved by a further integration. For the filters and frequency generation devices which will most probably be more numerous than in the equipment of the present digital systems, new solutions are to be found. Otherwise they will become a limiting factor in the miniaturization of the equipments.
In the review made of the different technologies for the different filters of the radio sub-system, it has appeared that several new technologies can give devices having simultaneously the required performances and very small dimensions. The case of the UHF thin film resonators filters which are co-integrable with semiconductors in mixed I.Cs is the most significative example. It was also observed that technologies commonly used at lower frequencies and for other bandwidth can be transposed for the new requirements, but with non negligible efforts in all cases.
In most case also, it was observed that these requirements concerning mainly the use of higher frequencies and larger bandwidth, will need the use of new piezo-electric materials having a larger coupling coefficient than quartz, a high thermal stability and very low high frequency acoustic losses. For the TFR filters the availability of thin piezo-electric films presenting similar properties is essential.
The discussion has revealed that most of the new piezo-electric materials presently studied ( AIPO,, GaPO,, LGS and its analogs, Li,B,O,, etc..) and presented at the European Workshop on Piezoelectric Materials may be of interest for at least one application in the future radio-communication equipments. For the most recent materials, the developments must be pursued up to the obtainment of large crystals of high crystalline quality. Further developments in the perfection of quartz synthetic crystals, permitting to improve the long term stabilities of the oscillators and to enhance their phase noise properties are also very desirable.
The recent advances in the very high frequency BAW filters technology, give new openings to obtain very small devices with high performances. They give also, the very desirable possibility of further evolutions towards the low cost batch production methods already employed for SAW filters.
We believe that most of the trends observed for the devices destined to applications in the equipments of the next generation of mobile communication systems are very significative of the futures evolutions in piezoelectricity.
